Aim. The aim of this study was to reduce the severe respiratory complications of esophageal cancer surgery often leading to death. Methods. Two groups of patients operated on for esophageal cancer were evaluated in this retrospective analysis. The first group was operated between 2006-2011, prior to the implementation of preoperative microbiological examination while the second group had surgery between 2012-2017 after implementation of this examination. Results. In total, 260 patients, 220 males and 40 females underwent esophagectomy. Between 2006-2011, 113 (87.6%) males and 16 (12.4%) females and between 2012-2017, esophagectomy was performed in 107 (81.7%) males and 24 (18.3%) females. In the first cohort, 10 patients died due to respiratory complications. The 30-day mortality was 6.9% and 90-day was 9.3%. In the second cohort, 4 patients died from respiratory complications. The 30-day mortality was 1.5% and 90-day mortality was 3.1%. With regard to the incidence of respiratory complications (P=0.014), these occurred more frequently in patients with sputum collection, however, severe respiratory complications were more often observed in patients without sputum collection. Significantly fewer patients died (P=0.036) in the group with sputum collection. The incidence of respiratory complications was very significantly higher in the patients who died (P<0.0001). Conclusion. The incidence of severe respiratory complications (causing death) may be reduced by identifying clinically silent respiratory tract infections.
INTRODUCTION
Postoperative respiratory complications significantly affect the morbidity and mortality of patients after esophageal cancer surgery. The incidence in the postoperative period following classical, as well as minimally invasive esophagectomy ranges from 19.3-44.4% (ref. 1, 2 ) . Less severe complications, including fluidothorax, pneumothorax, pneumonia, and chylothorax, also affect patient morbidity. In contrast, severe complications like ARDS (Acute respiratory distress syndrome) and respiratory failure are life-threatening in patients following esophagectomy 3 . The incidence of respiratory complications recorded in our institution correlates with the numbers reported in the literature, and respiratory complications were also the dominating cause of death in patients following esophagectomy for esophageal cancer. Since 2012, we have included a sputum culture for microbiological analysis of the upper and lower respiratory tract in the preoperative examination of patients with esophageal cancer in order to reduce severe respiratory complications. The purpose of this examination was to identify clinically silent infec-tion or colonisation of the respiratory tract mucosa by potential pathogens 4 . In cases of positive findings, the surgery was delayed or optimal prophylactic antibiotic therapy prior to the surgery was instituted 5 . The primary aim of the microbiological examination was to reduce the respiratory complications and reduce the mortality due to these complications.
MATERIALS AND METHODS
Retrospective analysis was performed to evaluate two cohorts of patients of similar size operated on for esophageal cancer. The first had surgery between 2006-2011, before systematic microbiological examinations were instituted, and the second consisted of patients treated between 2012-2017 in whom microbiological examinations were performed. The study was approved by the University Hospital Ethics Commitee. In the second cohort, a sputum culture was obtained from the patients 7 days prior to the surgery.
The sputum samples were processed using standard methods. After homogenization, microscopic examination (Gram stain) was performed to eliminate non-purulent samples. Only samples with a significant number of leukocytes were cultivated. The selected samples were diluted followed by inoculation of the cultivation media (Columbia agar, McConkey agar and Sabouraud agar). After incubation, each sample was analyzed quantitatively. The finding of 10 6 -10 7 bacteria/mL was considered probably not an infection of the lower respiratory tract, 10 8 -10 9 bacteria/mL were considered probably an infection of the lower respiratory tract, and finding of 10 10 -10 11 bacteria/mL were considered an infection of the lower respiratory tract. In case a limited sample of sputum was collected, only semiquantitative analysis was performed in which the quantity of microbes was rarely found to be as high as 3+++. If pathogens were present, the exact identification was performed using the mass spectometry Maldi-Toff (Bruker) method and the sensitivity to antimicrobial drugs was determined primarily quantitatively by the determination of the minimal inhibitory concentration (MIC). Throat swabs were inoculated into the cultivation media (Columbia agar, McConkey agar, Sabouraud agar), analysis was standardly performed after incubation of 24 and 48 h semiquantitatively (analysis of microbe quantity up to 3+++). If pathogens were discovered, the processing was the same as with the sputum. In case of a positive microbiological finding, surgery was postponed and patients were treated by antibiotics, based on individual consultations with the antibiotic center. In cases where pathogens were found in lower quantity (up to 10 8 /mL), targeted antibiotic prophylaxis was administered prior to esophagectomy based on sensitivity. Neoadjuvant chemoradiation and surgical procedures were identical in both groups of patients. Patients with early stage esophageal cancer (T1, 2, N0, M0) underwent primary surgery, patients with more advanced stage without metastatic spread, based on PET/CT (Positron emission tomography/computed tomography) findings, underwent neoadjuvant chemoradiation with subsequent surgery. Neoadjuvant therapy consisted of three cycles of the combination of 5-fluorouracil and cisplatin and radiotherapy was adminstered in fractions of 2 Gy to a total dose of 50 Gy starting with the second cycle of 5-fluorouracil and cisplatin. Amoxicillin/clavulanic acid 1.2 g in three daily doses was routinely administered as prophylaxis perioperatively. Patients with esophageal cancer localized aborally underwent esophagectomy, in which the resection phase was performed using a minimally invasive transhiatal approach. The esophagus with tumor was isolated to the level of the tracheal bifurcation, and a standard lymphadenectomy of the posterior mediastinum was also performed. Exstirpation of the esophagus and the reconstruction phase were performed from a midline mini-laparotomy and cervical approach. The resected stomach was used as a conduit in the majority of patients as gastroplasty. The anastomosis was constructed in two modifications completely by hand using a continuous suture in a single layer; since 2017, based on the surgeons choice, in some cases a linear stapler was used to construct the posterior circumference of the anastomosis and a continuous single layer suture was used for the anterior circumference. For tumors located in the middle or oral portion of the thoracic esophagus, a transthoracic approach was selected. We preferred a minimally invasive right-sided thoracoscopic esophagectomy for the resection phase of the surgery; only in cases of bulky tumors based on preoperative examinations (Endoultrasound or PET/ CT), a classical posterolateral right-sided thoracotomy was used. After mobilisation of the thoracic portion of the esophagus and extended mediastinal lymphadenectomy, the surgery proceeded identically to the transhiatal esophagectomy. A pyloroplasty was part of the operation in all patients. After the surgery, the patients were monitored in the intensive care unit. If the clinical condition allowed, extubation was performed within 6 h of the end of the operation. The patients received enteral (nutritive biluminal nasojejunal tube) and parenteral nutrition. Afollow-up swallow was performed on the 7th postoperative day to verify the sufficiency of the anastomosis and the gastroplasty or coloplasty. Patients with favourable findings were transferred to a standard care ward and gradually realimented. After full realimentation, the patients were discharged from the hospital. Statistical analysis evaluated the incidence of respiratory complications, which were divided into two groups. The first group consisted of patients with severe respiratory complications (ARDS or respiratory failure). Based on the Clavien-Dindo classification of complications, these were considered 4a and 4b. The second group included patients with less severe respiratory complications (pneumothorax, pleural effusion, pneumonia, atelectasis), based on Clavien-Dindo classification of complications these were classified 1-3. 
RESULTS
A total of 260 patients, 220 males and 40 females, underwent surgery (Table 1) . Between 2006-2011, 113 (87.6%) males and 16 (12.4%) females, median age 59 (range 37-79) years were operated. Between 2012-9/2017, 107 (81.7%) males and 24 (18.3%) females, median age 62 (range 34-81) years were treated. In the earlier cohort, 75 (58.1%) patients had adenocarcinoma, 52 (40.3%) squamous cell carcinoma and 2 (1.6%) had other tumor types. In the later cohort, 83 (63.4%) patients had adenocarcinoma, 45 (34.4%) had squamous cell carcinoma, and 3 (2.3%) had another histological tumor type. In the earlier cohort, 100 (77.5%) patients underwent neoadjuvant chemoradiation and in the later cohort 103 (78.6%) patients had neoadjuvant therapy. According to the ASA (The American Society of Anesthesiologists) classification, 5 (3.9%) patients were ASA I. , 60 (46.5%) patients were ASA II. , and 64 (49.6%) patients were ASA III. in the earlier cohort, while in the later cohort there were 5 (3.8%) ASA I. patients, 72 (55.0%) ASA II. patients, and 54 (41.2%) ASA III. patients. Patients classified as ASA IV. were contraindicated for surgery. Positive sputum cultures or throat swabs (defined as containing 1 or more potential pathogens) were recorded in 36 (27.5%) patients of a total 131. None of these patients displayed signs of acute respiratory infection (laboratory biomarkers of inflammation and chest X-ray were negative). Culture analysis revealed Gram-negative and Gram-positive agents ( . If the incidence of potential pathogens in the sample was high (10 10 -10 11 /mL), the procedure was postponed in 9 cases and the patients were treated by antimicrobial therapy based on antibiograms. Subsequent follow-up sputum cultures showed no findings of potential pathogens and the patients were able to undergo surgery. In 16 patients, based on microbiological analysis of sputum cultures and throat swabs, the standard prophylactic antibiotic therapy was adjusted to targeted prophylaxis based on the given results (in cases of lower incidence of potential pathogens-10 8 -10 9 /mL). In 11 patients with only semiquantitative sputum analysis, standard prophylaxis was administered. In 45 (34.3%) patients, it was not possible to obtain sputum, and therefore culture analysis was performed from a throat swab. In the first group, a transhiatal laparoscopic esophagectomy with cervical anastomosis was performed in 86 (66.7%) patients, in the second group in 105 (80.2%), and transthoracic esophagectomy with cervical anastomosis in 43 (33.3%) patients in the first group and in 26 (19.8%) patients in the second group. The medial volume of blood loss during surgery was 617 mL in the earlier cohort and 525 mL in the later cohort. The median number of lymph nodes removed in the earlier cohort was 12 (range 2-28), while in the later cohort the median was 11 (range 3-38). The median duration of surgery in the earlier cohort was 209 min and 212 min in the later cohort. In the earlier cohort, respiratory complications in the postoperative course were recorded in 39 (30.2%) patients, with 22 (17.1%) considered severe (ARDS or respiratory failure). In the later cohort, respiratory complications were observed in 56 (42.7%) patients, including severe complications in 9 (6.9%) patients. Anastomotic fistula was observed in 12 (9.3%) patients in the earlier cohort and in 15 (11.5%) patients in the later cohort. Blood transfusions during the surgery or postoperatively were administered in 76 (58.9%) patients in the earlier cohort and to 68 (51.9%) patients in the later cohort. Patients from both cohorts were staged according to the 2009 TNM classification. Pathological complete response was observed in 15 (11.6%) patients in the earlier cohort and in 38 (29%) patients in the later cohort. Postoperative complications were evaluated according to the Clavien-Dindo classification of surgical complications (Table 2 ). There were 12 (9.3%) deaths in the earlier cohort and 4 (3.1%) in the later cohort. In the earlier cohort, 10 patients died due to respiratory complications, one patients died on the 3rd postoperative day due to extensive myocardial infarction and one patient died due to necrosis of the conduit with anastomotic fistula. The 30-day mortality was 6.9% and 90-day mortality was 9.3%. In the later cohort, all patients died from respiratory complications, 30-day mortality was 1.5%, and 90-day was 3.1%. A significant difference between patients with sputum cultures and without sputum cultures was observed in the type of procedure (P<0.0001) as there were significantly more transhiatal procedures in the later cohort. The incidence of respiratory complications (P=0.014) was higher in the second cohort; however, severe respiratory complications were more frequent in the first cohort. Significantly fewer patients died (P=0.036) in the cohort of patients with sputum culture ( Table 3 ). The respiratory complications of those who died was much higher than those who lived (P<0.0001) and those who died had a significantly higher ASA classification (Table 4 ; P=0.003).
DISCUSSION
The data indicate that microbiological monitoring leading to prophylactic administration of antibiotics can significantly reduce severe respiratory complications, the principal cause of mortality after surgery for esopha-geal cancer 4 . Esophagectomy that canbe performed by a minimally invasive, classical, or hybrid approach remains the only curative treatment for esophageal carcinoma. Based on tumor location, a transhiatal approach without opening the thoracic cavity with anastomosis in the deep cervical space (Orringer) or a combined approach from laparotomy (laparoscopy) and thoracotomy (thoracoscopy) with anastomosis in the thoracic cavity (Iwor-Lewis esophagectomy) or anastomosis in the deep cervical space (McKeown esophagectomy) may be selected. A tubulized stomach supplied by the right gastroepiploic artery in the form of a gastroplasty is most commonly used to reconstruct the digestive tract. If it is not possible to use the stomach (usually because of tumor infiltration of the stomach or prior stomach resections that disturbe the blood supply), the colon is used in the form of a coloplasty. Only in tumors diagnosed in early stage T1a, therapeutic mucosectomy of the tumor may be performed instead of an esophagectomy. The literature still reports a fairly high morbidity rate associated with esophagectomy that ranges between 20 and 50% (ref. 6, 7 ) . In contrast, the mortality has significantly decresed in the past few decades and is currently reported to range from 1 to 5.8 % (ref. 8, 9 ) . The most frequent cause of death following esophagectomy are respiratory complications, the incidence of which increases with age, chronic nicotine use, malnutrition, pulmonary dysfunction and immunodeficiency 10, 11 . Other factors which affect the development of respiratory complications include duration of surgery Table 5 . Summary of isolated potential microbial pathogens by cultivation of sputum (in samples of 5 patients were isolated more pathogens than one species).
Isolated strain Gram stain Number of isolated strains (%)

Streptococcus constellatus
Gram-positive 4 (9.7)
Streptococcus sp. beta-hemolyticus Gram-positive 4 (9.7)
Staphylococcus aureus MRSA Gram-positive 4 (9.7)
Candida albicans Gram-positive 3 (7.3)
Pseudomonas aeruginosa
Gram-negative 2 (4.8)
Klebsiella pneumoniae
Gram-negative 4 (9.7)
Escherichia coli Gram-negative 3 (7.3)
Enterobacter cloacae
Klebsiella oxytoca
Acinetobacter ursingii
Gram-negative 1 (2.4)
Haemophilus influenzae
Haemophilus parainfluenzae Gram-negative 2 (4.8)
Haemophilus haemolyticus
Neisseria meningitidis
Moraxella catarrhalis
Aggretibacter aphrophilus
Gram-negative 1 (2.4) and perioperative blood loss, decreased forced expiratory volume (FEV) 1 on spirometry, neoadjuvant oncological therapy and the incidence of anastomotic fistula 12, 13 . The incidence of postoperative respiratory complications may be influenced preoperatively by improving lung function, careful administration of anesthesia during the surgery and an early extubation of the patients 14, 15 . Uchihara et al. reported the incidence of respiratory complications following minimally invasive esophagectomy of 17.9%. In that cohort, univariate analysis established risk factors including smoking, neoadjuvant therapy, advanced disease stage (stage III. IV.), and intraoperative blood loss above 600 g (ref. 16 ). Ryan et al. report that the incidence of hypoalbuminemia on the first postoperative day is associated with a higher morbidity, including respiratory complications 17 . In general, the incidence of respiratory complications is considered a prognostically negative factor of long-term results in patients following esophagectomy 18, 19 22 ). Growing experience with minimally invasive esophagectomy has been associated with a decrease in postoperative respiratory complications [23] [24] [25] . Hayami et al. described postoperative complications in 60% of patients, respiratory complications in 32.9% and anastomotic fistula in 12.9% (ref. 26 ). The incidence of other complications, e.g. anastomotic dehiscence or conduit necrosis, are reported in individual patient series in significantly lower numbers than respiratory complications. In contrast to respiratory complications, less severe complications practically do not affect the mortality if properly treated. In the present cohort of patients, the dominant cause of death were respiratory complications (in 14 patients). In the earlier cohort, 10 patients died of respiratory complications with two death of other causes. In the later cohort, all four postoperative death were caused by respiratory complications. Based on statistical analysis of the results of both cohorts, we determined that there was a lower number of all respiratory complications in the earlier cohort, but there were significantly fewer severe respiratory complications and deaths due to respiratory complications in the later cohort. Cardiac complications during the postoperative course occur in up to 10% of patients 27, 28 , but in the present series only one patient died due to extensive myocardial infarction. Necrosis of the conduit may be regarded as the most severe surgical complication, which more often affects a coloplasty (13%) compared to a gastroplasty (0.5%). This complication is treated by exstirpation of the conduit, creating a cervical esophagostomy and nutritive jejunostomy. If the patient overcomes this life-threatening complication, secondary reconstruction of the gastrointestinal tract is performed. Ramage et al. reported necrosis of the gastroplasty in 4 patients (2.6%). Treatment was successful in two of these cases (in one patient reconstruction was performed using the colon, the second patient refused reconstruction) (ref. 29 ). We observed necrosis of the gastroplasty in one patient and the patient died as a result of this complication. Anastomotic dehiscence reported in the literature ranges from 5% to 20% (ref. 30, 31 If the thoracic duct is partially or completely transected, chylothorax may be observed. If confirmed, chylothorax is primarily treated conservatively. If unsucessful, if there is complete transection, it is necessary to treat it surgically by ligating the thoracic duct. If left untreated, chylothorax may lead to malnutrition and immunodeficiency, and represent a serious condition with a patient mortality of up to 10% (ref. 34 ). Paralysis of the left reccurent laryngeal nerve in patients operated on using the cervical approach is reported in up to 14% of patients 35 . There is a consensus that is based on the analysis of postoperative results that surgery for esophageal cancer should be performed in high volume centres 36, however despite this effort and intensive research in this field [37] [38] [39] the general outcome of the treatment remains unsatisfactory. The present retrospective analysis has some obvious limitations. Importantly, patients treated in two consecutive periods were compared and the differences observed could have been caused by other factors, e.g. different epidemiological situation. However, the incidence of respiratory infections of any severity was higher in the later cohort, while severe respiratory complications were markedly lower, indicating that the intervention, i.e. microbiological monitoring and antibiotic therapy, are responsible for lowering the severe complication rate and mortality.
CONCLUSION
In conclusion, respiratory complications cannot be completely eliminated after esophagectomy for esophageal cancer. In the present patient series, we were able to reduce the number of severe respiratory complications and decrease mortality due to these complications. One approach to decrease respiratory complications in the postoperative course is to identify clinically silent infections or colonization of the respiratory tract prior to surgery and treat the patient with appropriate antimicrobial therapy or adjust the antimicrobial prophylaxis. Further prospective studies are necessary to confirm these results.
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